Prostate cancer is the most common malignancy found in males and one of the most common causes of cancer death. The epidemiology implicates environmental and nutritional factors in the initiation and progression of the disease. Identi®cation of these factors would allow chemoprevention strategies to be tested. Potent mutagenic and carcinogenic heterocyclic amines and polycyclic aromatic hydrocarbons are produced in cooked meat, and following metabolic activation some of them are strongly associated with prostate carcinogenesis in rodents. Primary cell cultures of human prostate epithelial cells were obtained from patients undergoing transurethral resection of the prostate. Metabolic activation of the cooked food carcinogens 2-amino-1-methyl-6-phenylimidazo-[4,5-b]pyridine (PhIP) and benzo[a]pyrene (B[a]P) was examined and resultant DNA damage (single strand breaks) measured using the Comet assay. Increased concentrations of carcinogen were associated with increased DNA damage and comet tail length compared to controls. Prostate Cancer and Prostatic Diseases (2000) 3, 256±258.
Review
Carcinoma of the prostate is the second most commonly diagnosed male cancer in the UK with 17 000 new cases diagnosed, and 8500 prostate cancer deaths reported in 1997 in England and Wales. 1 Although the speci®c factors contributing to the initiation and progression of prostate cancer remain unde®ned, both familial and environmental factors appear to be involved. Prostate cancer development is likely to be associated with a combination of dietary and environmental factors associated with lowpenetrance cancer susceptibility genes rather than a single high penetrance gene. However, it is clear that there are subtypes of the disease involving familial clustering 2 and a hereditary form accounts for about 9% of cases. 3 The marked variation in the incidence and mortality from prostate cancer across geographic and ethnic groups and the observed changes in risk in migrants 4 suggest that dietary and/or lifestyle factors affect prostate cancer development. Dietary factors may prove to be directly protective against prostate cancer development or may protect against tumour progression as proposed by Carter et al. 5 They reported that histological prostate cancer was as common in Japan as in the United States, but that in Japan the cancer remained latent and rarely progressed to clinically manifested disease. 5 This would suggest the presence in the Japanese diet of protective substances against tumour progression, or else the absence of dietary factors that induce progression. The identi®cation of these factors would allow chemoprevention strategies to be tested.
Dietary components that may have a protective role against prostate cancer development include anti-oxidant carotenoids such as lycopenes 6 and b-carotene, 7 vitamin A and retinol. 8 Vitamin C 9,10 and vitamin E 11 have also been implicated, acting as free radical scavengers, but may also have other biological activities that relate to their cancer preventive properties. Phyto-oestrogens, including lignans and iso¯avanoids such as genistein and daidzein contained in soyabeans and cereals 12 and dietary vitamin D 13 may confer protection. Low prediagnostic serum selenium levels have been associated with a greater risk of prostate cancer. 14 However, the evidence for the protective effects of these agents is far from conclusive. Schwartz and Hulka demonstrated an inverse relationship between geographical variation of ultraviolet radiation and the incidence of prostate cancer in the US; the further south, the more sun, the less prostate cancer. 15 This observation could be explained by the increased production of vitamin D with greater sunlight exposure. The active form of vitamin D, 1,25(OH) 2 D, has been shown to inhibit cell growth, both in vitro and in vivo 16 and is associated with a less malignant phenotype in rodent prostate cancer models. 17 The human vitamin D receptor is known to have genetic polymorphisms predicting levels of the circulating vitamin D receptorregulating protein osteocalcin. 18 Alterations of the vitamin D receptor allele may be associated with elevated levels of osteocalcin which is associated with a 4.6-fold increased risk of prostate cancer. 19 Evidence from correlational, case ± control, and cohort studies suggests that consumption of animal products, in particular saturated animal fats, 20 ± 22 cooked red meat and a high total energy intake 9,23 increases the risk of prostate cancer. Occupations involving exposure to fertilizers containing cadmium have also been implicated. 24, 25 Of the various genotoxic compounds that have been identi®ed in food, heterocyclic aromatic amines and polycyclic aromatic hydrocarbons constitute important groups. They are formed in cooked meat at high temperatures and are potent mutagens in bacterial mutagenicity assays, 26 and are suspected of being prostate carcinogens in man. 27 ± 29 The most mass abundant heterocyclic amine in cooked meat is 2-amino-1-methyl-6-phenylimidazo(4,5-b)pyridine (PhIP). 30 Heterocyclic amines need to be metabolically activated in order to act as mutagens or carcinogens. PhIP has been shown to be carcinogenic in rodents, causing high incidences of colon, mammary and prostate adenocarcinomas in rats. 29 ± 32 A recent study con®rms PhIP as a mutagen in rat prostate, causing G : C ! T : A transversions and deletions of G : C base pairs. 33 This suggests a possible role for this type of carcinogen in the initiation of human prostate cancer. Although there is little data on the susceptibility of human prostate epithelial cells to known carcinogens, human tissues are able to metabolically activate PhIP and the polycyclic aromatic hydrocarbon benzo[a]pyrene (B[a]P) to DNA-reactive products (see Figure 1 ). 27 
Preliminary research ®ndings
As part of ongoing research at the Institute of Cancer Research, Sutton and King's College Hospital, London, the susceptibility of human prostate epithelial cells (PECs) to PhIP and B[a]P is being examined. Primary cultures of PECs were established by mincing fragments of tissue obtained from patients undergoing transurethral resection of the prostate (TURP) in PFMR-4a, a prostatespeci®c medium, at 37 C. 34 The homogenates were seeded onto collagen-coated petri dishes. Epithelial cells were allowed to adhere and non-adherent material was removed by washing with medium after 12 h. The abilities of adherent PECs to activate PhIP and B[a]P leading to single strand DNA breaks were examined using the alkaline single cell gel electrophoresis (`Comet') assay. The Comet assay is a sensitive, simple and rapid method for visualizing and measuring DNA strand breaks in single cell preparations. 35 In the assay, a small number of treated cells suspended in a thin agarose sandwich are lysed, electrophoresed at high pH, and stained with a¯uores-cent DNA binding dye. 36 Relaxed and broken DNA fragments migrate at different, size-related rates according to the extent of damage, and form a comet tail. The comet tail length is measured by digital image capture. Treatment of PECs with various concentrations of PhIP (2.0, 20.0 and 200.0 mM), N-hydroxy PhIP (0.01, 0.1 and 1.0 mM) and B[a]P (0.9, 9.0 and 90.0 mM) resulted in comet formation in the presence of the DNA repair inhibitors hydroxyurea (HU) and cytosine arabinoside (ara-C) as shown in Figure 2 . The DNA repair inhibitors enhance the sensitivity of the Comet assay by allowing the recognition of nucleotide excision repair, but inhibiting DNA resynthesis and subsequent religation, resulting in accumulation of single-strand DNA breaks. 36 Increased comet tail length was observed with increased concentrations of carcinogen compared to controls. However, PECs were less susceptible to the genotoxic effects of these compounds after 48 h in culture. After 96 h no comet-forming activity was observed (data not shown), indicating the importance of freshly isolated cells/tissues for conducting carcinogen metabolism studies.
The data presented have shown that primary cultures of human PECs can activate dietary carcinogens leading to DNA adduct formation and DNA damage, which are important events in the process of carcinogenesis. This may contribute to the overall risk of prostate cancer development. The preliminary data also suggest that activating enzymes present in prostate epithelial cells decline from their in vivo levels when cells are maintained in primary culture. Manipulation of culture medium and the inclusion of enzyme inducers may make it possible to maintain the differentiated phenotype.
These preliminary ®ndings indicate the potential of in vitro experiments involving PECs to assist in the determination of the metabolic potential of the prostate, which 
